Congress ' decision to close down the $1 I billion Superconducting Supercollider is spreading anxiety throughout the scientific community. As finding for the nation's research laboratories becomes increasingly scarce, technical communicators in these organizations must focus much of their communications efforts on a new culture: Congress and the public. We discuss how to characterize this new audience and the importance of evaluating communication products, and we highlight some strategies for interpreting science to nonscientists more effectively.
the way 10, OOO common words are used in English-language newspapers, he concludes that today such publications are so technical as to be inaccessible to nearly everyone but experts in the narrow fields addressed in specific articles. He cautions that erecting barriers to the comprehension of science will diminish science itself and threaten "its openness to outside examination and appraisal."
Targeting audiences
The stakes, then, are high. Communicators need to target the public as the most important audience and to urge scientists to do the same. But we must first learn the characteristics of this huge audience and their preconceptions about science in order to produce effective communications.
The public includes everyone-high school dropouts, lawyers, travel agents, waiters, and physicists. Surveys performed by John Durant and Glynis Breakwell showed that the public perceives themselves as being very or moderately interested in news about discoveries or inventions but poorly informed about science issues compared with sports, politics, or films. (J. Ziman, "Not Knowing, Needing to Know, and Wanting to Know," in B. V. Lewenstein, Ed., When Science Meets the Public, [American Association for the Advancement of Science, 19921, pp. 13-20) .
Jon Miller, head of the International Center for the Advancement of Scientific Literacy, classifies the public as attentive or nonattentive with respect to science policy ("Scientific Literacy in the United States," in Communicating Science to the Public, [John Wiley & Sons, 1987}, pp. 1940 . He points out that the nonattentlive public should not be considered ignorant. Many are well educated, interested in policy issues other than science, and politically active. Marcel1 LaFollette categorizes the public as friends of science (including scientists themselves), buyers-managers of science (R&D administrators, government officials, and members of Congress), viewers (the general audience), and benevolent critics. ("Beginning with the Audience," in When Science Meets the Public, pp. 33-39).
Our audiences carry with them preconceptions and misconceptions that color their perception of our message. Minda Borun reminds us that "we are not dealing with a 'clean slate,' onto which we may indelibly inscribe explanations. People interpret what they see and experience in terms of their own notions. In informal encounters with phenomena, they arrive at a number of partially correct explanations" ("Naive Notions and Science Learning," in Visitor Studies-1988: Theory, Research and Practice, S. Bitgood, J. T. Roper, Jr., and A. Benefield, Eds., [Center for Social Design, 19881, pp. 135-138) . However, this dynamic relationship between audience predispositions and our message frequently goes unnoticed in the planning process.
Evaluation
Although we tend to think of evaluation as something to do after we have a finished communication product, evaluation should begin before the product is written, photographed, illustrated, videotaped, or designed. The first step in front-end evaluation is to ask if the product is needed. Answers to this question provide a statement of the problem to be addressed, the intended audience, a decision as to the most appropriate medium, the cost benefits (if any) for producing the product, and the worth of the product to the organization as a whole and to other stakeholders.
A product can have great production values but still not be functional. The second step in front-end evaluation, then, is to ask if the product will be functional, that is, will it bring about a desired change, greater knowledge, or more appropriate attitudes? All members of the production team should be involved in this step. Answers to these questions provide statements of the goals for the final product. Goals may be "feeling" statements, such as "audience will appreciate. . ." or "audience will fe:el good about. . . ." Goals may not be measurable, but from these goals come the objectives that will be measured as a Scaling New Heights part of the evaluation of the final product. Indeed, objectives must be observable, demonstrable, measurable, and specific. They are written in concise statements: "after reading this brochure, audience members will be able to list 3 facts. . .will be able to circle true statements. . .will be able to explain. . ." Included in the objectives are the standards of performance that will be measured in the final evaluation steps. The final evaluation criteria, then, are written in the second step of the front-end evaluation.
Front-end evaluation provides important feed-in to design, production, and writing. It challenges the production team members to make sure that stated objectives are met. Because evaluation is most useful when it is done on a continuum, the third step in frontend evaluation is for the team to come up with an evaluation strategy: at what points will the product be evaluated, by whom, according to what criteria, and using what technique(s)? At this stage, the potential audience members should be involved. This is when the producers of a communication product find out what the audience members already know and how they feel about the subject. One revelation that comes out in this step is whether or not the message is actually what the client thinks it is. (A client may think people need to know the physics of how radiation is produced, but people may want to know only how to recognize radiation and how to avoid it.) Goals and objectives may need to be rewritten at this point.
Evaluation at any point may include interviews, focus groups, pencil-and-paper tests, and other techniques. Much has been written about each technique, when to use it, how to use it, how many participants to include, how to design questionnaires, how to score them, and how to statistically treat them, and many models have been offered by respective writers. It is not our intent to address this level of detail in this paper. However, one excellent source for these details is Evaluating Video Programs: Is It Worth It? by Laurel Sneed (Knowledge Industry Publications, Inc., New York 1991). Everything it says about video is equally applicable to other media. The book includes references at the end of each chapter, and it includes an appendix on software that can be used for evaluation and journal references on discussions of such software.
Communication strategies
As science communicators, we become the gatekeepers of information and are therefore responsible for translating scientific messages to a variety of audiences, from various levels in the government to private industry and especially to the general public. We must be advocates for our audiences. Often, important funding and policy decisions are based on the readers' understanding of the benefits of basic research and new technology. Through interviews, personal contacts, and self-directed research, we must translate scientific ideas that "often involve difficult, esoteric language; difficult-to-picture structures or processes, or even difficult-to-believe notions, such as that the Earth is weightless" (K. Rowan, "What Research Says About E,xplaining Difficult Ideas," ASTC Newsletter, Novembermecember 1992).
A number of useful writing techniques can help the communicator with the awesome task of translating scientific information to a nonscientific audience. Keeping a file folder of useful information on various scientific topics can help the communicator with angles, points of view, and schemes for scientific articles. Most communicators use techniques garnered from instructional material or their own experiences. Often, developing a studenuteacher relationship with the scientist as teacher helps the technical communicator explain the results and benefits of basic and applied research and the physical processes involved. Moreover, the communicator can provide insight into difficult scientific ideas by experiencing the subject firsthand and then reporting on the experience. Reading material by scientists like James Trefil, Robert Hazen, Isaac Asimov, or Victor Weisskopf, who have taken on the difficult task of explaining science to a general audience, can often help communicators better understand difficult concepts. Reading background information about a subject often gives the communicator the basics needed to ask the right questions during interviews.
Effective science communication often requires links to connect what a reader already knows with the new information that is to be leamed-in essence, to make the new information relevant to the reader. The communicator should try to relate the new ideas to common experiences, if possible, using accessible analogies and examples. If possible, the communicator should try to address readers' possible misconceptions about the material being presented, replacing false notions with correct information.
If appropriate analogies are not available, the communicator should try to establish a conceptual framework in which readers can assemble the new information. These advance organizers can take many different forms: a clarifying short expository introduction, a title, a diagram, or even a single sentence that precedes the rest of the text. Such advance organizers are not simply summaries of thc material presented later; instead, advance organizers present the information in a more abstract and general form, providing a sense of how the information is structured and how the ideas relate to one another so that readers can more easily integrate the new material with their existing knowledge (D.P. Ausubel, The Psychology of Meaningful Learning [Grune and Stratton, New York, 19631) .
Another useful technique involves placing structural clues within sentences. The successful use of this "given and new" technique, as explained by Judith Swan and George Gopen ('The Science of Scientific Writing," American Scientist 78, 550 [1990] ), depends on the correct placement of material in either the topic position or the stress position within the sentence.
The topic position is located at the beginning of the sentence. Information in this position provides the reader with perspective and context. Material occupying this position provides the reader with linkage (looking backward) and context (looking forward). The information in the topic position prepares the reader for upcoming material by connecting it backward to the previous discussion. This "old information" in the topic position helps readers construct the logical flow of the argument, focusing attention on one particular strand of the discussion. If the topic position is constantly occupied by material that fails to establish linkage and context, readers will have difficulty perceiving both the connection to the previous sentence and the projected role of the new sentence in the development of the paragraph as a whole.
Readers naturally emphasize material that arrives at the end of a sentence, the stress position. Here the reader needs closure and fulfillment for complete understanding of the material. According to Gopen and Swan, if emphatic material arrives any other place in the sentence, the reader may emphasize material that the writer did not intend to stress. Thus, the writer might lose an important opportunity to influence the reader's interpretative process.
In addition to linking, analogies, the "given-new" technique, and structural clues, communicators can use mechanical devices such as action verbs, a mix of short and long sentences, or even sentences starting with "And" or "But" to enhance the information in the article. Short sentences or some simple fragments often lend an air of anticipation and excitement to the topic-this technique, if successful, can develop expectation. In addition, anecdotes can illuminate a subject or develop or clarify a difficult concept.
Finally, we offer a suggestion from Natalie Angier, a Pulitzer Prize-winning science reporter on the New York Times (Angier, Natalie, "Some Organized Notes on Science Reporting for a Mixed Audience," ScienceWriters, Spring 1992). She challenges us to imagine the unseeable: I write about molecular things ... I try to picture them as though they were performers on a stage, dancing, spinning, sliding, grasping. If people feel they can picture what's going on inside a cell, they feel much more at home with science ... Your obligation is to make the unseeable visible. Do not be afraid to use your imagination.
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